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ABSTRACT 

An at tempt  i s  made t o  d i s c u s s  and c l a r i f y  t h e  g e n e r a l  
ca se ,  wi thout  in t roducing  s p e c i f i c  va lues ,  of t h e  fo rm,  app l i -  
c a t i o n ,  and i n t e r p r e t a t i o n  of t h e  c r e w  s a f e t y  c o n s t r a i n t s  which 
l i m i t  l u n a r  s u r f a c e  t r a v e r s e s .  The emergency r e t u r n  ground- 
r u l e s  which underly these c o n s t r a i n t s  r e q u i r e  p rov i s ion  f o r  
safe r e t u r n  t o  the  LM by walking i n  case of an LRV f a i l u r e  or 
by r i d i n g ,  using t h e  B/SLSS, i n  case of a PLSS f a i l u r e .  

T h e  format f o r  p re sen t ing  these c o n s t r a i n t s  graphic-  
a l l y  i s  a p l o t  of maximum r e t u r n  d i s t a n c e  t o  the LM a g a i n s t  
e l apsed  t i m e  i n  t h e  EVA. An envelope,  w i t h i n  which t h e  tra- 
v e r s e s  must be designed,  i s  de f ined  by t h e  f i x e d  OPS f l o w  t i m e  
available f o r  a r i d i n g  r e t u r n  t o  t h e  LM e a r l y  i n  the EVA, and 
by the  d e c l i n i n g  PLSS consumables a v a i l a b l e  t o  suppor t  a w a l k -  
i n g  or r i d i n g  r e t u r n  l a t e  i n  the EVA. Equations are developed 
t o  d e s c r i b e  t h e  d e c l i n i n g  r e t u r n  d i s t a n c e  a v a i l a b l e  as t h e  con- 
sumables are reduced, and the  s e n s i t i v i t y  of t h e  l i m i t  l i n e s  so 
de f ined  t o  modi f ica t ions  of the  parameter va lues  i s  described. 

P rov i s ion  of s u f f i c i e n t  s t a t i o n  t i m e  t o  perform com- 
prehens ive  s c i e n t i f i c  exp lo ra t ion  of t h e  a r e a  and the EVA t i m e  
l i m i t a t i o n s  imposed by the  t o t a l  consumables a v a i l a b l e  f o r  the 
nominal t r a v e r s e  cause most t r a v e r s e s  t o  f a l l  w e l l  w i t h i n  the 
emergency r e t u r n  c o n s t r a i n t s .  For those which do n o t ,  d e f i n i -  
t i o n  of the maximum r e t u r n  d i s t a n c e  us ing  a r a t i o  of r i d i n g  
t i m e  t o  s t a t i o n  t i m e  which  corresponds t o  t h e  t r a v e r s e s  planned 
t o  date pe rmi t s  pre l iminary  de te rmina t ion  of walkback and ride- 
back l i + + c  

(IASA-CR-11I687) A G E N E R A L  DISCUSSION OF 
CBEU SAFETY TRAVERSE CCMSTRAINTS (Bellcornla, 
I n c . )  12 p 

N79-73091 

' J n c l a s  
03/54 1 1 9 5 7  

I 
\".VU&, 

- .. , 



B E L L C O M M .  I N C .  
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, 0. C. 20024 B70 11055 

SUBJECT: A General Discussion of C r e w  
S a f e t y  Traverse Cons t r a in t s  
Case 320 

MEMORANDUM FOR F I L E  

DATE: November 2 5 ,  1 9 7 0  

FROM: P.  Benjamin 

INTRODUCTION 

Recent d i s c u s s i o n s  and p r e s e n t a t i o n s  have r evea led  
some u n c e r t a i n t i e s  a s soc ia t ed  w i t h  t h e  form, a p p l i c a t i o n ,  and 
i n t e r p r e t a t i o n  of t h e  c r e w  s a f e t y  c o n s t r a i n t s  which l i m i t  l u n a r  
s u r f a c e  traverses. It  has not always been f u l l y  understood 
which o p e r a t i o n a l  l i m i t s  r e s u l t  from which c o n s t r a i n t s ,  ground- 
r u l e s ,  and hardware c a p a b i l i t i e s ,  and what t h e  i m p l i c a t i o n s  of 
t h e s e  l i m i t s  are. F u r t h e r ,  t he  e f f e c t  of v a r i a t i o n s  i n  t h e  
parameters  which d e f i n e  these  l i m i t s  has not  always been c l e a r .  
A t  l eas t  a p o r t i o n  of the c u r r e n t  confusion i s  a r e s u l t  of  t h e  
d i f f e r e n t  formats  which have been used t o  p o r t r a y  t h e s e  con- 
s t r a i n t s  and t h e  changing assumptions which have been used t o  
d e f i n e  t h e  l i m i t s ,  w i th  consequent p e r p l e x i t y  i n  i n t e r p r e t a t i o n  
of t h e  l i m i t s  po r t r ayed  i n  t h e  v a r i o u s  formats .  
made h e r e  t o  d i s c u s s  and c l a r i f y  t h e  g e n e r a l  case, wi thou t  
i n t roduc ing  s p e c i f i c  va lues ,  and one format i s  used. 
t h i s  w i l l  e x p l a i n  t h e  basic f u n c t i o n a l  r e l a t i o n s h i p s  of  t h e  
traverse c o n s t r a i n t s .  

An a t t empt  i s  

Hopefully 

Traverse  design emergency r e t u r n  c o n s t r a i n t s  o r i g i n a t e  
i n  t w o  groundrules:  

1. S u f f i c i e n t  consumables s h a l l  be a v a i l a b l e  
i n  each PLSS a t  a l l  t i m e s  t o  al low the 
a s t r o n a u t s  t o  w a l k  back t o  t h e  LM from a 
completely f a i l e d  LRV. 

2 .  S u f f i c i e n t  consumables s h a l l  be a v a i l a b l e  
i n  each PLSS a t  a l l  t i m e s  t o  allow bo th  
a s t r o n a u t s  t o  r i d e  back t o  t h e  LM us ing  
t h e  B/SLSS and consumables from one PLSS 
a f t e r  complete f a i l u r e  of t h e  o t h e r  PLSS. 

P a r t i a l  f a i l u r e s  of e i t h e r  the  LRV o r  t h e  PLSS are less restric- 
t i v e  than  t h e  f u l l  f a i l u r e  cases and are t h e r e f o r e  g e n e r a l l y  not  
l i m i t i n g .  To ta l  f a i l u r e  o f  both t h e  LRV and a s i n g l e  PLSS o r  of  
b o t h  PLSS's i s  an unduly r e s t r i c t i v e  double f a i l u r e ,  and i s  n o t  
cons idered .  
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TRAVERSE CONSTRAINT ENVELOPE 

The format  fo r  p re sen t ing  t h e  c o n s t r a i n t s  i s  shown i n  
F igure  1. This  f i g u r e  p l o t s  maximum r e t u r n  d i s t a n c e  ( t h e  maxi- 
m u m  a c t u a l  ground t r a v e l  d i s t a n c e ,  no t  r a d i u s )  a g a i n s t  e l apsed  
t i m e  i n  t h e  EVA. This  p l o t  t h e r e f o r e  shows a t  any given t i m e  
i n  t h e  EVA how f a r  away f r o m  t h e  LM t h e  a s t r o n a u t s  may be, and 
thus  provides  an envelope wi th in  which t h e  t r a v e r s e s  must be 
designed.  This  i s  t h e  envelope which provides  f o r  crew s a f e t y  
i n  a nominal EVA. Once a f a i l u r e  a c t u a l l y  occur s ,  it i s  
assumed t h a t  t h e  c r e w  r e t u r n  immediately t o  t h e  LM. Thus t h e s e  
envelopes have no s i g n i f i c a n c e  a f t e r  a f a i l u r e  has occurred .  

I n  case  of a PLSS f a i l u r e  t h e  working and f a i l e d  
P L S S ' s  are in t e rconnec ted  by the B/SLSS water hose and coo l ing  
w a t e r  i s  supp l i ed  from t h e  working PLSS t o  both  a s t r o n a u t s .  
Oxygen i s  provided t o  t h e  crewman wi th  t h e  working PLSS from 
h i s  normal supply and t h e  crewman w i t h  t h e  f a i l e d  PLSS o b t a i n s  
oxygen from h i s  OPS,  an oxygen s t o r a g e  tank  of f i x e d  capac i ty .  
T h e  oxygen from t h e  OPS flows a t  a predetermined r a t e  and t h u s  
the maximum t i m e  a v a i l a b l e  f o r  r e t u r n  t o  t h e  LM i s  determined 
by t h i s  flow ra te  and t h e  tank capac i ty .  This  maximum t i m e  i s  
cons t an t  during t h e  e n t i r e  EVA, and when m u l t i p l i e d  by t h e  
assumed LRV emergency r e t u r n  v e l o c i t y ,  d e f i n e s  t h e  maximum 
d i s t a n c e  from t h e  LM t o  which t h e  c r e w  may go during t h e  EVA. 
This  c o n s t r a i n t  i s  dep ic t ed  as  a h o r i z o n t a l  l i n e  i n  F igure  1. 

A s  consumables a re  used dur ing  t h e  EVA, less and less 
consumables are a v a i l a b l e  t o  pe rmi t  t h e  a s t r o n a u t s  t o  walk back 
f r o m  a f a i l e d  LRV o r  t o  provide coo l ing  f o r  bo th  crewmen dur ing  
a r i d i n g  r e t u r n  a f t e r  a PLSS f a i l u r e .  A t  any t i m e  t t h i s  
dec reas ing  r e t u r n  c a p a b i l i t y  may be w r i t t e n  as 

C, f o r  a r i d i n g  r e t u r n  and - "RE3 dm - - 
" 

RB L 

f o r  a walking r e t u r n ,  w h e r e  vWB 
%B = - 

%B 

is  the m a x i m u m  r i d i n g  r e t u r n  d i s t a n c e  
a t  t i m e  t ,  dm 

is t h e  assumed LRV emergency r e t u r n  
v e l o c i t y ,  

i s  t h e  r a t e  a t  which consumables are 
used by two a s t r o n a u t s  dur ing  an 
emergency r i d i n g  r e t u r n  t o  t h e  LM, and 

%B 
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is  t h e  amount of consumables remaining 
a t  t i m e  t a f t e r  p rov i s ion  has been 
made f o r  LM i n g r e s s  and a f i x e d  r e se rve .  

The parameters are described analogously f o r  t h e  walking r e t u r n  
except  t h a t  CRB refers t o  the  water r e q u i r e d  t o  cool  t w o  men 
dur ing  t h e  r i d i n g  r e t u r n  and bWB r e f e r s  t o  a l l  t h e  consumables 
r equ i r ed  t o  suppor t  one  man dur ing  a walking r e t u r n  t o  t h e  LM. 
This decreas ing  r e t u r n  d i s t a n c e  c a p a b i l i t y  r e s u l t i n g  from t h e  
decrease  of a v a i l a b l e  consumables i s  d e p i c t e d  as  a s l o p i n g  l i n e  
i n  F igure  1. The t w o  l i n e s  shown d e f i n e  t h e  t r a v e r s e  c o n s t r a i n t  
envelope. 

PARAMETER VARIATIONS 

The q u a n t i t y  Cm, t h e  consumables remaining, i s  a non- 
l i n e a r  func t ion  of t i m e ,  i t s  v a r i a t i o n  depending upon t h e  n a t u r e  
and d u r a t i o n  of t h e  a c t i v i t i e s  carried o u t  i n  the  EVA. During 
t h e  traverse,  it may more accu ra t e ly  be r ep resen ted  as 

- e,,t where - 
‘RE - ‘TA 

‘TA 

%U 

Genera l ly  CTu 

i s  t h e  amount of consumables a v a i l a b l e  
f o r  t h e  t r a v e r s e  a f t e r  p rov i s ion  f o r  
p r e t r a v e r s e  a c t i v i t i e s  a t  the  LV, 
emergency LM i n g r e s s ,  and a f i x e d  
r e s e r v e ,  and 

i s  t h e  nonl inear  r a t e  a t  which consum- 
ables are a c t u a l l y  used dur ing  the 
t r a v e r s e .  

i s  s i m p l i f i e d  by cons ider ing  only t w o  f i x e d  consum- 
ables usage rates - a high r a t e  a s s o c i a t e d  wi th  a c t i v i t i e s  a t  
t r a v e r s e  s t a t i o n s ,  and a low ra te  f o r  r i d i n g  on t h e  LRV. I n  
o r d e r  t o  observe t h e  e f f e c t  of v a r i a t i o n  i n  t h e  parameters  of t h e  
equa t ions  

-e t )  d~~ - 7%~ TU 
RB V 

- 

WB c 
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i t  i s  convenient  t o  assume a f i x e d  r a t i o  of r i d i n g  t i m e - t o  
s t a t i o n  t i m e  dur ing  a t r a v e r s e  and t o  then  approximate CTu by a 

cons t an t  r e f l e c t i n g  t h e  p r o p o r t i o n a l i t y  of t h e  two consumables 
usage rates.  

Case 1: For given va lues  of  CTA and CTu, it i s  possi- 
b l e  t o  compare t h e  e f f e c t s  of t h e  r ideback c o n s t r a i n t ,  dRB, and 
t h e  walkback c o n s t r a i n t ,  %B. Based upon p r e s e n t l y  agreed upon 
assumptions (References 1, 2 ,  and 3) t h e  consumables usage r a t e  
f o r  t w o  crewmen us ing  t h e  B/SLSS w h i l e  r i d i n g  on the LRV i s  
about t h e  same as  t h e  consumables usage r a t e  f o r  one man walk- 
i n g ,  o r  

T h e  LRV v e l o c i t y  dur ing  emergency r e t u r n  i s  assumed t o  be 3 
t i m e s  the  walking v e l o c i t y ,  o r  

v = 3VWB RB 

Thus 

and 

dRB = - 3vWB (K1-K2t)  
K3  

WB dWB - -(K -K t)  
V 

- . 1 2  K 3  

These are t w o  l i n e a r  equat ions  w i t h  t h e  same t i n t e r c e p t  and 
s l o p e s  d i f f e r i n g  by a f a c t o r  of 3 ,  as i s  shown i n  Case 1 of 
F igu re  2 .  I t  i s  apparent  t h a t  the  d e c l i n i n g  d i s t a n c e  walkback 
c o n s t r a i n t  i s  always more l i m i t i n g  t h a n  t h e  d e c l i n i n g  d i s t a n c e  
r ideback except  a t  t h e  p o i n t  

CTA = tTUt 

a t  which a l l  t h e  consumables have been used except  those pro- 
v ided  f o r  emergency i n g r e s s  and t h e  f i x e d  r e se rve .  S ince  t h i s  
p o i n t  must f a l l  considerably a f t e r  t h e  conclusion of a nominal 
t r a v e r s e ,  it i s  of l i t t l e  more than  academic i n t e r e s t .  T h e  OPS 
l i m i t e d  r ideback c o n s t r a i n t  i s ,  however, l i m i t i n g  i n  the  e a r l y  
p a r t  of t h e  EVA, as i s  shown i n  the  f i g u r e .  
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RB Case 2:  For a given v RB, CTA, and tTU v a r i a t i o n s  i n  
i l l u s t r a t e  t h e  e f f e c t s  of var ious p a r t i a l  PLSS f a i l u r e s  ( i . e . ,  t h e  
effects  of vary ing  consumables usage rates dur ing  emergency r e t u r n )  . 
These  changes correspond t o  a l t e r a t i o n s  i n  t h e  slope of dRB b u t  
main ta in  t h e  same t i n t e r c e p t ,  as i s  shown i n  C a s e  2 of F igure  2 .  
The analogous e f f e c t  occurs  w i t h  4?TB. A s  is  c l e a r  f r o m  Cases 1 

and 2 ,  v a r i a t i o n s  of vwB o r  v , w h i l e  a l l  o ther  parameters  are 
held c o n s t a n t ,  have a s i m i l a r  e f f e c t .  Thus as emergency r e t u r n  
consumables usage rates or  v e l o c i t i e s  va ry ,  t h e  s l o p e  of t h e  l i m i t  
l i n e  changes. Its i n t e r c e p t  on t h e  t a x i s  i s ,  however, f i x e d  by 
t h e  consumables a v a i l a b l e  f o r  t h e  t r a v e r s e  and t h e  nominal r a t e  a t  
which they are used. 

RB 

C a s e  3 :  F o r  a given v YJB 'WB and CTu,  v a r i a t i o n s  i n  
( inc reases  or decreases  i n  a v a i l a b l e  consumables) change 'TA 

both the d and t i n t e r c e p t s  by s h i f t i n g  t h e  %7B l i n e  t o  the 

r i g h t  o r  l e f t  b u t  maintaining i t s  s l o p e ,  as shown i n  Case 3 of 
F igure  2 .  T h e  i d e n t i c a l  case ho lds  f o r  dR-B. 

C a s e  4 :  For a given v WB, CWB, and CTA, va r ious  v a l u e s  
of eTU r e p r e s e n t  d i f f e r e n t  l i n e a r  approximations of t h e  r a t i o  of 

r i d i n g  t i m e  t o  s t a t i o n  t i m e  dur ing  t h e  t r a v e r s e .  Var i a t ions  i n  
t h i s  r a t i o  main ta in  the  d i n t e r c e p t  b u t  vary the  s l o p e  and the t 
i n t e r c e p t  of GB, as i l l u s t r a t e d  i n  Case 4 of Figure 2. 
i d e n t i c a l  r e s u l t  occurs  f o r  dRB. 

the t r a v e r s e  are more sens i t ive  t o  the va lue  of  t h i s  assumed 
r a t i o  than  t h e  ear l ie r  po r t ions .  

A n  

Thus the l a t t e r  p o r t i o n s  of 

CURRENT USE 

The format  used here  f o r  p r e s e n t i n g  the t r a v e r s e  con- 
s t r a i n t s  i s  the one gene ra l ly  used by t r a v e r s e  p lanners  a t  t h i s  
t i m e .  The assumed va lues  of v e l o c i t i e s ,  consumables usage ra tes ,  
and consumables available are de f ined  f o r  p re l imina ry  t r a v e r s e  
p lanning  purposes i n  Reference 3 ,  soon t o  be publ i shed  i n  f i n a l  
form. The a c t u a l  va lues  a re  expected t o  vary  somewhat, b u t  n o t  
g r e a t l y ,  from those i n  the re ference .  V a r i a t i o n s  i n  the assumed 
v a l u e  of t h e  r i d i n g  t i m e  t o  s t a t i o n  t i m e  r a t i o  a r e  s t i l l  rela- 
t i v e l y  l a r g e .  

I t  i s  clear t h a t  one extreme case i s  t h a t  where there 
i s  no s t a t i o n  t i m e  a t  a l l  and the  t r a v e r s e  i s  t o t a l l y  composed 
of  r i d i n g .  S ince  t h i s  r e s u l t s  i n  the lowest p o s s i b l e  consumables 
usage ra te ,  it corresponds t o  the  maximum r e t u r n  d i s t a n c e  poss i -  
b l e .  That i s ,  no t r a v e r s e  could be designed which would provide  
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any g r e a t e r  d i s t a n c e .  T h e  walkback d i s t a n c e  l i n e  de f ined  by a 
maximum r i d i n g  t r a v e r s e  is shown i n  F igure  3 ,  and a l l  t r a v e r s e s  
w i l l  by d e f i n i t i o n  be t o  t h e  l e f t  of t h i s  l i n e .  

A corresponding minimum r i d i n g  l i n e  can  a lso be con- 
s t r u c t e d .  This l i n e  i s  def ined by r i d i n g  o u t  r a d i a l l y  from t h e  
LM any a r b i t r a r y  d i s t a n c e ,  d ,  and then  working a t  t h i s  t r a v e r s e  
s t a t i o n  u n t i l  t h e  decreas ing  d i s t a n c e  walkback c o n s t r a i n t  f o r c e s  
a r a d i a l  r e t u r n  toward t h e  LM. Thus t h i s  l i n e  corresponds t o  
l i n e a r  r a d i a l  t r a v e r s e s  t o  a r b i t r a r y  d i s t a n c e s ,  d ,  and r e t u r n s  
along t h e  same p a t h ,  w i th  t o t a l  t r a v e r s e  d i s t a n c e  be ing  2d. 
This  i s  c l e a r l y  a minimum walkback case, s i n c e  any t r a v e r s e  wi th  
more r i d i n g  a t  a lesser rad ius  has  more consumables a v a i l a b l e  
f o r  walkback and must m e e t  t he  c o n s t r a i n t .  Thus any t r a v e r s e  t o  
t h e  l e f t  of t h e  walkback d i s t a n c e  l i n e  de f ined  by t h e  minimum 
r i d i n g  t r a v e r s e ,  as  i l l u s t r a t e d  i n  F igure  3 ,  i s  acceptab le .  

MSC has developed t h e  concept of  us ing  t h e s e  two l i n e s  
f o r  pre l iminary  t r a v e r s e  c o n s t r a i n t  a n a l y s i s  (Reference 4 )  . Any 
t r a v e r s e  w i t h i n  t h e  envelope de f ined  by t h e  minimum r i d i n g  l i n e  
v i o l a t e s  no emergency r e t u r n  c o n s t r a i n t s .  N o  t r a v e r s e  can f a l l  
beyond t h e  maximum r i d i n g  l i n e ,  and t h e  area between t h e s e  l i n e s  
i s  termed inde termina te  and r e q u i r e s  a s e p a r a t e  d e t a i l e d  calcu- 
l a t i o n  of consumables usage and walkback c o n s t r a i n t s  f o r  each 
t r a v e r s e  p o i n t  which f a l l s  i n  t h i s  reg ion .  The i n n e r  l i n e  
bounds t h e  extreme case  of  guaranteed accep tab le  t r a v e r s e s ,  b u t  
s i n c e  most t r a v e r s e s  are not l i n e a r ,  r a d i a l ,  and minimum d i s -  
t a n c e ,  a l a r g e  p ropor t ion  f a l l  i n  t h e  inde termina te  reg ion ,  
r e q u i r i n g  t h e  d e t a i l e d  c a l c u l a t i o n  which t h e  t r a v e r s e  c o n s t r a i n t  
envelope i s  designed t o  avoid. Thus, a l though r i g o r o u s ,  t h e  
u t i l i t y  of t h i s  concept i s  somewhat l i m i t e d  f o r  pre l iminary  
t r a v e r s e  planning.  

An a l t e r n a t e  approach i s  t o  choose a r a t i o  of r i d i n g  
t o  s t a t i o n  t i m e  which corresponds reasonably w e l l  t o  t h e  t ra-  
v e r s e s  which have been planned t o  da te .  Traverses  do no t  tend  
t o  be p a r t i c u l a r l y  l i n e a r ,  as  noted above, so a t r a v e r s e  c o n s i s t -  
i n g  of a l a r g e r  propor t ion  of r i d i n g  than  t h e  s p e c i f i e d  r a t i o  
would r e s u l t  i n  more consumables a v a i l a b l e  f o r  walkback whi le  t h e  
a c t u a l  d i s t a n c e  from t h e  LM would probably no t  i n c r e a s e  s i g n i f i -  
c a n t l y .  A t r a v e r s e  wi th  considerably less r i d i n g  than  t h e  r a t i o  
chosen would provide less consumables f o r  walkback, b u t ,  u n l e s s  
it w a s  extremely l i n e a r  and r a d i a l ,  would probably n o t  reach t h e  
walkback l i m i t .  Experience shows an accep tab le  r a t i o  t o  b e  
about  5 0 %  r i d i n g  and 50% sc ience  t i m e .  

Traverses  which dev ia t e  g r e a t l y  from t h e  50/50 r a t i o  
g e n e r a l l y  i n d i c a t e  a r e l a t i v e l y  poor a l l o c a t i o n  of  resources .  
Excess ive ly  long t r a v e r s e s  do n o t  provide s u f f i c i e n t  t i m e  t o  
perform adequate sampling and s c i e n t i f i c  i n v e s t i g a t i o n s .  Very 
short traverses c a l l  i n t o  ques t ion  t h e  n e c e s s i t y  f o r  t h e  LRV, 
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w i t h  i t s  a s s o c i a t e d  c o s t ,  weight ,  and t i m e  p e n a l t i e s .  Due t o  
t h e  l i m i t a t i o n s  imposed by t h e  amount of  consumables a v a i l a b l e  
for t h e  nominal t r a v e r s e ,  and t h e  requirements f o r  a reasonable  
p rov i s ion  of s u f f i c i e n t  s t a t i o n  t i m e  t o  perform comprehensive 
s c i e n t i f i c  exp lo ra t ion  of t he  area, most t r a v e r s e s  w i l l  f a l l  
w i t h i n  t h e  envelope de f ined  by t h e  50/50 r i d i n g / s t a t i o n  t i m e  
l i n e .  Fo r  those  which are i n  i t s  v i c i n i t y  and have nea r  t h e  
50/50 r a t i o  of t i m e s ,  t h i s  l i n e  i s  a cons iderably  more a c c u r a t e  
l i m i t  l i n e  than t h e  accuracy of o t h e r  assumptions a s s o c i a t e d  
w i t h  pre l iminary  t r a v e r s e  planning. Those t r a v e r s e s  which 
exceed t h i s  envelope can g e n e r a l l y  be considered t o  have vio- 
l a t e d  t h e  r e t u r n  c o n s t r a i n t s  o r  t o  r e p r e s e n t  a poor mix of 
s c i e n c e  and t r a v e l .  Thus t h e  u se  of  t h i s  d e c l i n i n g  d i s t a n c e  
l i n e  may lack  i n  r i g o r ,  b u t  would seem t o  be adequate  f o r  D r e -  
l iminary  planning purposes.  For  f i n a l  t r a v e r s e  planning a l l  of 
t h e s e  envelopes are inadequate  and d e t a i l e d  c a l c u l a t i o n s ,  p o i n t  
by p o i n t ,  are r equ i r ed .  

SUMMARY 

The t w o  groundrules  which d e f i n e  t h e  emergency r e t u r n  
c o n s t r a i n t s  can be  transformed i n t o  a t r a v e r s e  c o n s t r a i n t  envel- 
ope. Although a p o r t i o n  of  t h i s  envelope i s  non l inea r  and 
depends upon t h e  t i m e  h i s t o r y  of  consumables usage i n  t h e  tra- 
v e r s e ,  a s impl i fy ing  assumption permi ts  l i n e a r i z a t i o n .  From 
t h i s  a maximum r e t u r n  d i s t a n c e  versus EVA t i m e  p l o t  may be drawn 
which p r e s e n t s  t h e s e  c o n s t r a i n t s  g r a p h i c a l l y  and can be used as 
a pre l iminary  t r a v e r s e  planning a i d .  A f u l l  se t  of  such p l o t s  
f o r  t h e  c u r r e n t l y  accepted va lues  of t h e  parameters d i scussed  i s  
inc luded  i n  Reference 2 .  Increase of t h e  va lue  of t h e  emergency 
r e t u r n  v e l o c i t y  or  decrease  of t h e  r a t e  a t  which consumables are 
used dur ing  emergency r e t u r n  r e s u l t s  i n  an i n c r e a s e  i n  t h e  maxi- 
mum r e t u r n  d i s t a n c e  e a r l y  i n  t h e  EVA with  t h e  s i z e  of  t h i s  
i n c r e a s e  d e c l i n i n g  as t h e  EVA progresses .  Increase of t h e  t o t a l  
consumables a v a i l a b l e  causes a uniform i n c r e a s e  i n  t h e  maximum 
r e t u r n  d i s t a n c e  throughout t h e  EVA, and i n c r e a s e s  i n  t h e  r a t i o  
of r i d i n g  t i m e  t o  s t a t i o n  t i m e  provide a g r e a t e r  maximum 
r e t u r n  d i s t a n c e ,  wi th  t h i s  e f f e c t  becoming more s i g n i f i c a n t  as 
t h e  EVA progresses .  Provis ion  of s u f f i c i e n t  s t a t i o n  t i m e  t o  
perform comprehensive s c i e n t i f i c  exp lo ra t ion  of t h e  area and t h e  
EVA t i m e  l i m i t a t i o n s  imposed by t h e  t o t a l  consumables a v a i l a b l e  
for t h e  nominal t r a v e r s e  cause m o s t  t r a v e r s e s  t o  f a l l  w e l l  with- 
i n  t h e  emergency r e t u r n  c o n s t r a i n t s .  For  t h o s e  which do n o t ,  
d e f i n i t i o n  of t h e  maximum r e t u r n  d i s t a n c e  us ing  a r a t i o  of r i d -  
i n g  t i m e  t o  s t a t i o n  t i m e  which corresponds t o  t h e  t r a v e r s e s  
planned t o  d a t e  permi ts  pre l iminary  de te rmina t ion  of walkback 
and r ideback l i m i t s .  

2032-PB-cds P.  Benjamgn 
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